The Program MARK was used to generate and test a plausible set of survival models for brook trout Salvelinus fontinalis and brown trout Salmo trutta to determine whether survival differed by season, species or age class. Apparent survival varied with time and age, but not by species. For the older (1999) age class, survival was lowest during the autumn of their age 1þ year whereas survival was lowest for the younger (2000) age class during the early summer of their age 1þ year. Additionally, estimates of survival for the younger age class exceeded those of the older age class in all but one interval (early summer 2001) but significant differences were observed in only one of these intervals (autumn 2000). To determine whether the observed seasonal differences in survival were related to seasonal differences in movement rates, multistrata spatial models were used within Program MARK to determine the probability of moving for each interval. In-site movement rates were found to be low regardless of season (average for all cohorts combined was 5%). The ability of the multi-strata modelling approach to detect temporal variability in movement, however, was potentially limited by spatial scale of the study reach (c. 1 km). Differences in survival between different aged fishes could lead to selection acting on age at maturity or reproductive effort at a given age. #
INTRODUCTION
Organisms living in seasonal environments experience variation in biotic and abiotic factors that may influence survival. Natural selection should favour adaptation to local conditions (Endler, 1986) , but it seems unlikely that organisms could adapt equally well to all conditions. Instead, trade-offs in performance under different conditions should mean that successful adaptation to one season might reduce successful adaptation to other seasons (Schluter et al., 1991) . Because selection shifts through the life of an organism, substantial variation should be maintained in fitness-related traits. As a result, substantial selective mortality should be often observed within individual seasons even if the population is relatively well adapted to their environment as a whole. Understanding seasonal variation in survival is important because it helps to identify critical periods for the population. Multiple samples within a given year generating seasonal survival estimates will present an opportunity to relate seasonal variation in biotic and abiotic factors to seasonal variation in survival Mitro & Zale, 2002) . Seasonal and within season variation in survival can only be assessed through repeated sampling of a given population. The territorial nature of stream resident salmonids makes them amenable to repeated sampling and subsequent construction of individual capture histories (Juanes et al., 2000) , suggesting they may represent an excellent system to study fine-scale seasonal variation in survival.
Most studies of salmonid survival have focused on a single season (Needham et al., 1945; Hunt, 1969; Cunjak & Power, 1987; Smith & Griffith, 1994; Spalding et al., 1995) . In particular, most of these deal specifically with the overwinter period (Needham et al., 1945; Hunt, 1969; Meyer & Griffith, 1997; Cunjak et al., 1998) . Estimates of winter survival generated from multiple year studies indicate that survival can be low and variable, e.g. first winter survival in brown trout Salmo trutta L., 15-84% (Needham et al., 1945) and brook trout Salvelinus fontinalis (Mitchell), 35 to 73% (Hunt, 1969) .
A few studies have assessed variation in the survival of salmonids across multiple seasons and multiple years (Egglishaw & Shackley, 1977; Mortensen et al., 1988; Lobo´n-Cervia´& Rinco´n, 1998; Letcher et al., 2002) . For example, Olsen & Vøllestad (2001) report higher apparent survival (i.e. the probability that an individual is still alive and has not emigrated from the study site) in winter than summer for a stream-dwelling population of brown trout. Mitro & Zale (2002) report higher apparent survival estimates for rainbow trout Oncorhynchus mykiss (Walbaum), during their age 0þ year summer to autumn interval than for the following age 0þ year autumn to spring. In none of these studies was variation in survival across seasons integrated with variation between different species and age classes. The goal of this paper was to simultaneously examine variation in survival across seasons, species (brook trout and brown trout) and age classes (first and second year of life for the 2000 cohort and second and third year of life for the 1999 cohort). Data collected at the individual level allow the correlation of individual characters to components of fitness (growth, survival and reproductive success), the adoption of alternative life histories (smolt age and age at reproduction) and patterns of movement. This allows several important lines of investigation that would not be possible in traditional population-level analyses. First, data based on individuals allow an examination of the specific traits that influence survival, which can be converted to estimates of the strength and form of natural selection acting on the traits and the expected direction of evolution (Lande & Arnold, 1983) . Second, individual data allow a determination of how specific life-history decisions (e.g. smolt or not and mature or not) influence subsequent survival. Third, individual data allow a determination of the links between body size, movement rates and survival.
This last characteristic allows the potential for separating mortality from emigration. In their seminal paper contesting the restricted movement paradigm of stream resident salmonids, Gowan et al. (1994) illustrated that it is essential to at least consider the possibility that stream salmonids show some degree of mobility. This has important ramifications for studies of survival. In particular, apparent survival estimates generated from mark-recapture studies are complicated by the inability to differentiate between emigration and mortality.
In the present study, seasonal, species and age class variation in survival was investigated using mark-recapture data for individually tagged stream-dwelling brown and brook trout. The null hypotheses were that survival would not differ (1) among seasons, (2) between brook and equal-aged brown trout within a season, and (3) between different age classes of a given species within a season. A second objective of the study was to then determine whether any observed differences in survival could be attributed to differences in temporal, species or age class movement rates. ). The study area was largely riffle-runs with 13 small pools.
MATERIALS AND METHODS

STUDY AREA AND SPECIES
The West Brook contains self-sustaining populations of brook trout and brown trout, but is stocked each spring with Atlantic salmon Salmo salar L. fry (50 m
À2
). With the exception of the occasional black-nosed dace Rhinichthys atratulus (Hermann), these three salmonids are the only fish species present. A total of 965 brook trout and 1393 brown trout were tagged and released during the study. For both species, data on the age-1 to age-2 year period for the 1999 cohort as well as data on the age-0 to age-1 year period for the 2000 cohort are given.
DATA COLLECTION
Seven sampling sessions were conducted of the entire study site from September 2000 to December 2001 using day electroshocking (unpulsed direct current at 500 V). Each section was enclosed with block nets, a two-pass removal was performed, and sampling was conducted in an upstream direction. Each sampling session took from 7 to 10 days to complete (Table I) . Each interval was characterized by the time between median sample dates.
Upon capture, each brown or brook trout was anaesthetized (clove oil: 30 mg l
À1
), weighed wet (AE0Á1 g), measured (fork length, L F AE 1 mm), scales removed for age determination, and checked for maturity. Untagged fish >60 mm L F and >2Á0 g wet mass were then tagged intraperitoneally ) with a passive integrated transponder (PIT) tag (Prentice et al., 1990) .
ANALYSIS OF RECAPTURE PROBABILITY AND SURVIVAL
Individual capture histories (captured, not captured or captured dead during each sample) were generated for each tagged fish (Lebreton et al., 1992 ). The capture histories were then used as input files for the Program MARK (White & Burnham, 1999) , which computes maximum likelihood estimates of the apparent survival (f) and the recapture probability (p) and 95% CI for these estimates. Apparent survival, hereafter referred to as survival, represents the probability that an individual is still alive and in the study area at capture occasion i þ 1. Individuals that emigrate from the study site are not available 
for recapture. Apparent survival, therefore, is a deflated estimate of true survival (assuming that some fish do emigrate). The Cormack-Jolly-Seber (CJS) model, with time-varying survival was used as a global starting model for the survival analyses (Lebreton et al., 1992) . Three increasingly complex survival models (Table II) were evaluated to determine the extent of temporal variation in survival. The global starting model, which had the maximum parameterization, included an interaction between cohort (accounting for both differences between age class as well as species) and time. All other survival models tested were modified versions of this global starting model. Additionally, recapture probability was modelled using a single model that estimated recapture probability parameters for each sampling interval and for each cohort. This provided the finest resolution and allowed capture probabilities to differ both by age class as well as species. This recapture probability model was then used in conjunction with each of the three survival models (Table II) . In this set of models, any difference in support given to individual models would be due specifically to the survival portion and not the recapture probability portion of the model. In all cases, intervals were standardized to the longest interval length (96 days) via techniques within the Program MARK (White & Burnham, 1999) thus making comparisons across intervals appropriate.
Model selection procedures within the Program MARK (White & Burnham, 1999) were then used to assess the set of candidate models. Model selection was based on the Akaike Information Criterion, AIC (Hurvich & Tsai, 1989) . Normalized Akaike weights, AIC C weights, which represent the relative probability of a model, were used to assess the set of candidate models (Burnham & Anderson, 1998) . If two models have very different AIC C weights, then it can be assumed that the model with the higher value is a better fit to the data and should be retained for inference.
To determine whether survival differed by age class and species, each of the four survival models was tested with an appropriate grouping variable. Specifically, the following four grouping variables were added: (1) a 'species' grouping variable to test whether brook and brown trout, irrespective of age class, differed in survival; (2) an 'age class' grouping variable to test whether the two age classes, irrespective of species, differed in survival; (3) a 'cohort' grouping variable to test whether survival differed by both species and age class; (4) a 'constant' group which collapsed all four cohorts (both age classes of both species) into a single group (Table II) . This allowed a test of the remaining two hypotheses: whether survival differed between equal-aged brook and brown trout or between older and younger fish of a particular species. Winter v. remainder of year phi (t) Effect of time Cohort component phi (.) Constant phi (species) Effect of species (ignoring age class) phi (age class) Effect of age class (ignoring species) phi (cohort) Effect of cohort (age class and species)
ANALYSIS OF MOVEMENT
Apparent survival will be biased by emigration. In an attempt to disentangle emigration from mortality, the multi-strata spatial model capabilities of Program MARK were utilized. The study site was partitioned into four strata: (1) sections 1-12; (2) sections 13-24; (3) sections 25-36; (4) sections 37-47. In this model, each recapture was represented by a stratum (1-4) indicating the course location (c. 250 m) within the study site where a particular individual was recaptured. Therefore, a non-zero value indicated that an individual was alive and present in the study site and the specific non-zero value (in this case, ranging from 1-4) indicated where the recapture occurred.
The second objective of this study was to determine whether temporal variation in survival could be explained by temporal variation in movement within the study site. To do this, it was first necessary to assess whether survival varied with time. In other words, survival was first modelled to assess whether temporal variability existed and then the temporal component of the movement model was constrained to equal that of the survival model that had received the most support. This allowed the specific assessment of whether or not observed differences in survival could be explained by differences in movement at the same level of temporal resolution.
RESULTS
SIZE, MATURITY AND POPULATION DENSITIES
Mean AE S.D. L F are presented for each cohort (species-age combination) for each sample (Table I) Both brook and brown trout reproduce in the autumn. The sampling was specifically designed in the autumn to minimize interaction with reproductively active individuals by sampling before and after peak spawning. As a result, only nine males and no females were observed in a mature state (expression of milt indicating a mature male and expression of eggs indicating a mature female). Of the nine males observed mature, all were observed during the August-September sample or the December sample. Furthermore, these nine individuals represent age-1þ and age-2þ year individuals of both species.
For all four cohorts, density tended to decrease with time (Table I) . Additionally, densities of younger fish exceeded those of older fish for any given sample.
ANALYSIS OF RECAPTURE AND SURVIVAL PROBABILITIES
For all four cohorts, goodness-of-fit tests indicated that the CJS model was an adequate fit to the data (Table III) as indicated by P-values exceeding the a ¼ 0Á05 level of significance. C-hat is considered a measure of lack of independence in the data and is calculated as the w 2 value divided by the d.f. C-hat for all cohorts was low indicating a lack of overdispersion in the data (Table III) .
The populations were sampled seven times allowing a comparison of apparent survival, recapture probability and movement during six intervals. The last interval (bounded by samples 6 and 7) included only a single recapture event (sample 7), resulting in non-informative estimates of apparent survival, recapture
probability and movement during this interval (i.e. CI ranged from 0 to 1). Consequently, only results from the first five intervals (including sample 6) are reported.
Recapture probability was constrained to vary by time and cohort for all models included in the analysis (Table IV) . Using this model for inference, recapture probability tended to be higher for older fish, yet varied substantially by interval (Fig. 1) . Fixing the recapture probability component of the model allowed the survival component of the model to be tested (i.e. any difference in weight given to individual models would be due specifically to the survival component). Of the possible temporal (i.e. constant, winter separate from the remainder of the year, full time variation) and cohort (i.e. constant, by species, by age class, by cohort) grouping combinations, the model receiving the most 
. M . C A R L S O N A N D B . H . L E T C H E R
support contained time-specific survival parameters that were constrained to be equal for equal-aged trout (AIC C weight ¼ 0Á78; Table IV ). These results indicate that survival differed by interval, was similar for equal-aged fish regardless of species, and was dissimilar for older and younger fish of a particular species. Using this model for inference, apparent survival varied by sample with the lowest survival probability for the 1999 cohort occurring during their age-1þ year autumn interval (95% CI: 0Á22 0Á35 0Á51; Fig. 2 ). The lowest observed survival for the 2000 cohort occurred during their age-1þ year early summer (95% CI: 0Á36 0Á44 0Á53; Fig. 2 ) and was >60% during the remaining intervals (Fig. 2) . Therefore, for both age classes survival was not lowest during the winter.
ANALYSIS OF MOVEMENT PROBABILITIES
To determine whether the observed temporal variation in survival could be explained by temporal variation in movement, movement parameters were estimated for each cohort (species and age class combination) using a timespecific model (the survival model receiving the most support). This model indicated that within study site movement rates tended to be low (average of 5% across intervals for all cohorts combined) with little variation seasonally (Fig. 3) . Inflated variance estimates for the brook trout 1999 cohort during the spring interval may be due to small sample sizes observed for the beginning and ending sample in addition to a large proportion of new individuals observed.
DISCUSSION
Survival varied substantially over time, tended to be higher for younger fish and did not appear to differ substantially between species for equal-aged fishes. Movement rates tended to be low with little temporal variation. Many studies have found that winter is a period with high mortality (Needham et al., 1945; Hunt, 1969; Holtby, 1988; Close & Anderson, 1992; Hutchings, 1993 , Quinn & Peterson, 1996 Meyer & Griffith, 1997; Cunjak et al., 1998; Hutchings et al., 1999) . This mortality may result from a variety of factors including the depletion of energy reserves (Cunjak, 1988; Hutchings et al., 1999) 
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collapse of overhanging snow banks (Needham et al., 1945) . The winter survival estimates generated in the present study varied between age classes with older fish surviving at a lower rate (1999 age-1þ years 95% CI: 0Á34 0Á50 0Á66; 2000 age-0þ years 95% CI: 0Á55 0Á63 0Á71). These estimates were within the range reported in previous studies: 0Á15-0Á84 for age-0þ year brown trout over 4 years (Needham et al., 1945) and 0Á35-0Á73 for age-0þ year brook trout over 11 years (Hunt, 1969) . Some of this variation might arise because of differences in climate, food availability and other environmental factors. Some of the variation, however, may also be due to differences in interval length (i.e. longer intervals will tend to be provide lower survival estimates). Survival is generally assumed to be lowest during the winter but survival in other seasons can be dramatically influenced by episodic events. Droughts can have pronounced effects on the densities of stream-resident salmonids. A 30 year study of brown trout from Black Brows Beck suggested that five of the severest droughts during that period led to six of the poorest year classes observed (Elliott et al., 1997) . Floods have been implicated as one of the major factors driving interannual variation in salmonid density and biomass (Hall & Knight, 1981) . Nickelson et al. (1986) suggested that increased flows during the spring adversely affected survival of early emerging coho salmon Oncorhynchus kisutch (Walbaum). During the early summer 2000 interval, the observed low survival estimates for the 2000 cohort (95% CI: 0Á36 0Á44 0Á53) may be explained by particularly high flows observed during that period. Therefore, it is difficult to generalize that survival is lowest during the winter because it may be occasionally lower during other seasons as well. Similarly, Olsen & Vøllestad (2001) had found that winter estimates of brown trout monthly survival probabilities exceeded those of summer estimates.
COHORT DIFFERENCES IN SURVIVAL Differences in habitat requirements between different-aged fish may cause variation in survival between younger and older fish within a species. Older, and presumably larger, fish may be habitat limited during the winter (Cunjak et al., 1998) and may, therefore, be more susceptible to predation (Cunjak, 1996) . In addition, different movement patterns of different-aged fish may cause some of the variation. Burrell et al. (2000) reported increased movement of reproductively active individuals during the autumn spawning season. In the present study, differences in survival emerged between younger (2000 cohort) and older (1999 cohort) fish within a season. In particular, younger brook trout had higher survival rates than older brook trout in all but one interval (83% of intervals for which data on both age classes were available) but significant differences (indicated by non-overlapping 95% CI) existed only during the autumn of 2000.
Variation in survival between different-aged fish has been observed in other studies. Letcher et al. (2002) present evidence of higher winter survival of age-0þ year than age-1þ year Atlantic salmon sampled from the West Brook, Massachusetts. McMenemy (1995) , however, found similar estimates of winter survival for age-0þ year (0Á42) and age-1þ year (0Á43) Atlantic salmon stocked in the West River, Vermont. The observed differences in survival between older
and younger fishes in the present study could also reflect differences in emigration rates between the two age groups. Apparent survival does not differentiate between fishes that died and fishes that moved out of the study site. If differences in movement rates exist between different-aged fishes, this would bias comparisons of survival between the two groups. Both brook trout and brown trout reproduce in the autumn. If the reproductively active fishes are increasing their movement rates prior to spawning (Schuck, 1945; Gowan & Fausch, 1996; Burrell et al., 2000) , decreased apparent survival might be expected during this period relative to the younger aged fishes that have not reached sexual maturity.
SPECIES DIFFERENCES IN SURVIVAL
Depending on a variety of factors including, but not limited to, degree of habitat preference overlap, diet overlap, movement rates and reproductive schedules, sympatric salmonids may exhibit differences in survival. Brook and brown trout overlap in diet (Nyman, 1970) , habitat preferences (Fausch & White, 1981; Cunjak & Power, 1986) , spawning season and habitat (Witzel & MacCrimmon, 1983) . Additionally, brook and brown trout have been shown to interact during reproduction (Sorensen et al., 1995; Grant et al., 2002) . In light of these similarities, it might be expected that the survival rates for brook and equal-aged brown trout would also be similar. In the present study, the model receiving the most support excluded the species grouping variable indicating that survival was indeed similar for equal-aged brook and brown trout.
Because of the similarities between brook and brown trout, in addition to the experience of the same environmental conditions (i.e. duration of ice-cover, extent of anchor ice during the winter, high flow conditions during the spring and low flow conditions during the summer), it may not be surprising that the survival patterns were similar. This similarity in apparent survival between equal-aged fishes suggests that equal-aged brook and brown trout were undergoing similar mortality and movement schedules. Shetter (1968) found that migration patterns (direction and extent of movement) did not differ between sympatric brook and brown trout.
THE EFFECT OF MOVEMENT
If it is assumed that the migration patterns were similar between the age classes, it could then be concluded that any observed differences in apparent survival would be the direct result of differences in mortality. This assumption, however, may not be valid. Utilizing the multi-strata capabilities of Program MARK (White & Burnham, 1999) , it was possible to estimate quantitatively movement probabilities within the 1 km study for each cohort to test the assumption. The average probability of moving from one stratum to another was only 5% regardless of season for both age classes of both species combined. This suggests that the observed differences in movement may have been due to differences in mortality and not due to differences in movement. This approach, however, relies on the assumption that any intervals characterized by increased movement within the study site reflect increased movement in general. In other words, increased movement rates within the study site would be an indication of increased movement rates out of the study site (emigration). For example, if an
individual moved downstream 500 m between two samples and was first sampled in an area 500 m or more above the first section, this individual would be recaptured within the study site. If this same individual was initially sampled only 100 m above the start of the study site and moved downstream 500 m, however, the individual would not be recaptured and would be considered dead. Intervals characterized by elevated movement rates may therefore represent intervals where it is possible to differentiate true survival (1 À mortality) from apparent survival (1 À emigration À mortality). The multistrata models provide a rough approximation of movement on the scale of the present study site. Whether this is useful in interpreting the apparent survival estimates is debatable because movements on a larger scale would not be detected by this approach.
An in-stream antenna (Armstrong et al., 1996) was installed in the autumn of 2000 to monitor downstream movement of tagged Atlantic salmon smolts (B.H. Letcher & T. Dubreuil, unpubl. data) and provided an opportunity to relate any downstream movements of tagged brook and brown trout during this season to their apparent survival. The reduced apparent survival of the 1999 age class in the autumn coincided with in-stream antenna data indicating a pulse of downstream movement by brown trout of the 1999 cohort during this interval, whereas this same movement pattern was not observed for brook trout (B.H. Letcher & T. Dubreuil, unpubl. data) . This result, coupled with the results of the multi-strata movement model, suggest that although the multi-strata models appear to be a promising method for separating emigration from mortality, the present study site may have been of insufficient spatial scale to adequately detect seasonal variation in movement >1 km. If movement rates increase during a given season, the study area needs to be of a sufficient scale to prevent fishes exhibiting this higher movement rate from emigrating undetected between sampling occasions.
This study reveals that survival varied seasonally for stream-dwelling brook and brown trout, with the lowest observed survival during the autumn (1999) or early summer (2000) . Survival also varied between age classes within a season but not between species within an age class and season. Specifically, equal-aged brook and brown trout had similar survival rates but younger fishes generally survived at higher rates than older fishes. These patterns may have considerable evolutionary consequences. For instance, if younger age classes are indeed surviving at a higher rate than older age classes this might influence the evolution of age at maturity or reproductive effort (Roff, 1992; Stearns, 1992) . That is, selection should favour early maturity and increased reproductive effort at a given age (relative to situations where younger age classes survive at lower rates than older age classes). If, however, survival of mature and postspawning individuals is significantly lower than in the pre-maturation state, this could lead to a selection favouring delayed maturity. Studies generating longitudinal data from individuals sampled at various stages throughout their life history are necessary to determine the effects of maturity on survival of stream-resident salmonids.
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